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CLAIMS (amended under PCT Article 19) 



1. (amended) A method for restoring performance 
of a polymer electrolyte fuel cell comprising: a cell body 
composed of laminated unit cells , each of said unit cells 
comprising a cathode and an anode interposing a hydrogen 
ion -conductive polymer electrolyte membrane therebetween 
and a pair of conductive separator plates having gas flow 
paths for supplying and discharging an oxidant gas and a fuel 
gas to and from said cathode and said anode respectively and 
sandwiching said cathode and said anode therebetween; means 
for supplying and discharging said oxidant gas and said 
fuel gas to and from said cell body; and means for 
controlling output of a current generated in said cell body. 

said method comprising the step of operating said 
polymer electrolyte fuel cell for a predetermined time 
either in an operation mode at a current of not less than 
1.5 times as high as that in a normal operation, or in an 
operation mode at a current giving an output voltage per 
unit cell of not more than 0.2 V, thereby restoring the 
performance of said fuel cell. 

2. (cancelled) 

3. (amended) A method for restoring performance 
of a polymer electrolyte fuel cell comprising: a cell body 
composed of laminated unit cells , each of said unit cells 
comprising a cathode and an anode interposing a hydrogen 
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lon-conductive polymer electrolyte membrane therebetween 
and a pair of conductive separator plates having gas flow 
paths for supplying and discharging an oxidant gas and a fuel 
gas to and from said cathode and said anode respectively and 
sandwiching said cathode and said anode therebetween; means 
for supplying and discharging said oxidant gas and said 
fuel gas to and from said cell body; and means for 
controlling output of a current generated in said cell body, 

said method comprising the steps of : 

supplying an oxidant gas and a fuel gas to said 
anode and said cathode respectively; and 

outputting a current from said cell body with the 
polarity being inverted, thereby restoring the performance 
of said fuel cell. 

4. (amended) A method for restoring performance 
of a polymer electrolyte fuel cell comprising: a cell body 
composed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode interposing a hydrogen 
ion-conductive polymer electrolyte membrane therebetween 
and a pair of conductive separator plates having gas flow 
paths for supplying and discharging an oxidant gas and a fuel 
gas to and from said cathode and said anode respectively and 
sandwiching said cathode and said anode therebetween; means 
for supplying and discharging said oxidant gas and said 
fuel gas to and from said cell body; and means for 
controlling output of a current generated in said cell body. 



said method comprising the step of supplying a 
pressurized gas to at least one of said cathode and said 
anode in an amount not less than 1.5 times as much as that 
in the normal operation or supplying oxygen to said cathode, 
thereby restoring the performance of said fuel cell. 

5. (amended) A method for restoring performance 
of a polymer electrolyte fuel cell comprising: a cell body 
composed of laminated unit cells , each of said unit cells 
comprising a cathode and an anode interposing a hydrogen 
ion-conductive polymer electrolyte membrane therebetween 
and a pair of conductive separator plates having gas flow 
paths for supplying and discharging an oxidant gas and a fuel 
gas to and from said cathode and said anode respectively and 
sandwiching said cathode and said anode therebetween; means 
for supplying and discharging said oxidant gas and said 
fuel gas to and from said cell body; and means for 
controlling output of a current generated in said cell body, 

said method comprising the step of injecting an 
acidic solution having a pH of less than 7 into said 
cathode and said anode through said gas flow path, thereby 
restoring the performance of said fuel cell. 

6. (cancelled) 



Brief Statement under Article 19(1) 

Claim 2 was cancelled, and Claim 1 was amended to 
clarify that the loaded current mode different from that of a 
normal operation is either an operation mode at a current of 
not less than 1.5 times as high as that in a normal operation, 
or an operation mode at a current giving an output voltage per 
unit cell of not more than 0.2 V. Claim 6 was cancelled, and 
Claim 5 was amended to clarify that the cleaning solution is 
an acidic solution having a pH of less than 7 . 

Additionally, lines 7 to 9 of the preamble of each 
of Claims 1 and 3 to 5 was amended to clarify that the oxidant 
gas and the fuel gas are supplied to the cathode and the anode 
respectively . 
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DESCRIPTION 



METHOD FOR RESTORING PERFORMANCE OF POLYMER ELECTROLYTE 
FUEL CELL 



Technical Field 

The present invention relates to a method for 
restoring the performance of fuel cells useful as 
commercial cogeneration systems and power generating 
devices for mobile units, specifically, polymer electrolyte 
fuel cells using a polymer electrolyte. 



Background Art 

Fuel cells cause a fuel gas such as hydrogen and 
an oxidant gas such as air to electrochemically react at a 
gas diffusion electrode, thereby concurrently supplying 
electricity and heat. Such fuel cells are classified into 
several types according to the kind of the electrolyte used 
therefor. The polymer electrolyte used herein generally 
comprises a skeleton of -CF 2 - as its main chain and a 
sulfonic acid is attached to the terminal of its side chain. 

A polymer electrolyte fuel cell is fabricated in 
the following manner. First, a paste for catalyst layer, 
prepared by mixing a dispersion of the above-described 
polymer electrolyte with a carbon powder carrying a 
platinum-based metal catalyst, is applied onto both 
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surfaces of a membrane of this polymer electrolyte , and the 
whole was dried to form a catalyst layer, which will 
constitute electrodes (a cathode as an air electrode and an 
anode as a fuel electrode). On the outer surface of the 
catalyst layer, a porous conductive substrate such as a 
carbon paper is disposed as a gas diffusion layer, which 
will constitute the electrodes, for diffusing air and a 
fuel gas. In other words, the catalyst layer and the gas 
diffusion layer constitute the electrodes. Alternatively, 
the paste for catalyst layer may be applied onto the carbon 
paper constituting the gas diffusion layer, and the polymer 
electrolyte membrane may be bonded to this . This yields an 
electrolyte membrane -electrode assembly (MEA) comprising 
the polymer electrolyte membrane, catalyst layer and gas 
diffusion layer. 

Conductive separator plates for mechanically 
fixing the MEA and electrically connecting adjacent MEAs in 
series are disposed on the outer surfaces of the MEA. The 
MEA and the separator plates are laminated to obtain a unit 
cell. A gas flow path for supplying a reactant gas 
(oxidant gas or fuel gas) to the electrode and transferring 
water produced by the reaction of hydrogen and oxygen, 
residual gas and the like, is formed on the separator plate. 
A carbon material having electrical conductivity, gas 
tightness and corrosion resistance is often used for the 
separator plate. However, because of the excellent 
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moldability and cost-effectiveness as well as ease of 
thinning the separator, separators using a metal material 
such as stainless steel are also being investigated. 
Further, a sealing member such as a gasket or a sealing 
agent is arranged on the peripheries of the gas flow path, 
the electrode and the like to prevent the reactant gases 
from directly mixing or from leaking outside. 

When the above-described unit cell is used as a 
power generating device, it is common to laminate a 
plurality of the unit cells in order to increase the output 
voltage. To the gas flow paths disposed on the separator 
plate, the fuel gas such as hydrogen and the oxidant gas 
such as air are supplied from outside through manifolds , 
and these gases are supplied to the gas diffusion layers of 
the respective electrodes . Current generated by the 
reaction of these gases at the catalyst layers is collected 
at the electrodes and is taken outside through the 
separator plates . 

Herein, since the above -described polymer 
electrolyte exhibits hydrogen ion conductivity when it 
contains water, the fuel gas to be supplied to the fuel 
cell is generally humidified. In addition, since the cell 
reaction produces water at the cathode, water is always 
present within the cell. As a result, there is the 
possibility that ionic impurities, inorganic impurities and 
organic impurities contained in a carbon material, sealing 
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material, resin material and metal material, each of which 
is the component of the cell, are eluted if the cell is 
operated for a long period of time. 

Moreover, since air to be supplied to the fuel 
cell contains, for example, trace amounts of air pollutants 
such as nitrogen oxides or sulfur oxides . and the fuel gas 
is occasionally contaminated with trace amounts of metal 
oxides contained in the hydrogen generating device. 

Further, such impurities are accumulated in the 
polymer electrolyte membrane, the catalyst layer at the 
electrode and the like, leading to a reduction in the 
conductivity of the polymer electrolyte as well as the 
catalytic activity. This results in the problem that the 
cell performance is gradually degraded during a long 
operation of the fuel cell. Additionally, in the case 
where a metal is used for the separator plate, metal ions 
eluted from the separator plate cause a further damage to 
the polymer electrolyte membrane and the catalyst layer. 

Therefore, it is an object of the present 
invention to provide a method for effectively restoring the 
performance of a polymer electrolyte fuel cell in the case 
where the cell performance has been degraded owing to an 
accumulation of the impurities as described above. 



Disclosure of Invention 

In order to achieve the foregoing object, the 
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present invention provides a method for restoring 
performance of a polymer electrolyte fuel cell comprising: 
a cell body composed of laminated unit cells , each of the 
unit cells comprising a cathode and an anode interposing a 
hydrogen ion -conductive polymer electrolyte membrane 
therebetween and a pair of conductive separator plates 
having gas flow paths for supplying and discharging a fuel 
gas and an oxidant gas to and from the cathode and the anode 
respectively and sandwiching the cathode and the anode 
therebetween; means for supplying and discharging the 
oxidant gas and the fuel gas to and from the cell body; and 
means for controlling output of a current generated in the 
cell body. 

Mainly, the method for restoring the cell 
performance in accordance with the present invention has 
four embodiments . 

The first embodiment is the method for restoring 
performance of the polymer electrolyte fuel cell that 
involves operating the polymer electrolyte fuel cell in a 
loaded current mode different from that of a normal 
operation for a predetermined time, thereby restoring the 
performance of the fuel cell. 

In this case, it is effective that the loaded 
current mode different from that of the normal operation is 
either an operation mode at a current of not less than 1.5 
times as high as that in the normal operation or an 
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operation mode at a current giving an output voltage per 
unit cell of not more than 0.2 V. 

The second embodiment is the method for restoring 
performance of the polymer electrolyte fuel cell that 
involves : supplying an oxidant gas and a fuel gas to the 
anode and the cathode respectively, while supplying the 
fuel gas to the anode and the oxidant gas to the cathode in 
the normal operation; and outputting a current from the 
cell body with the polarity being inverted, thereby 
restoring the performance of the fuel cell. 

The third embodiment is the method for restoring 
performance of the polymer electrolyte fuel cell that 
involves supplying a pressurized gas to at least one of the 
cathode and the anode in an amount not less than 1 . 5 times 
as much as that in the normal operation or supplying oxygen 
to the cathode, thereby restoring the performance of the 
fuel cell. 

The fourth embodiment is the method for restoring 
the performance of the polymer electrolyte fuel cell that 
involves injecting a cleaning solution into the cathode and 
the anode through the gas flow path, thereby restoring the 
performance of the fuel cell. 

In this case, it is effective that the cleaning 
solution is an acidic solution having a pH of less than 7. 

It should be noted that the separator plate in 
the polymer electrolyte fuel cell of the present invention 



.1,'CJ e-S u :jl :1 .::!!.. ,„ O 3 :JL *iU 

7 

may also contain a metal material. 

According to the method for restoring the cell 
performance of the present invention, it is possible to 
discharge impurities accumulated in the cell body, such as 
contaminant ions, to the outside of the cell body. 

Brief Description of Drawings 

FIG. 1 is a graph showing how the performance of 
the fuel cell in Example 1 of the present invention is 
restored. 

FIG. 2 is a graph showing how the performance of 
the fuel cell in Example 3 of the present invention is 
restored. 

Best Mode for Carrying Out the Invention 

The ionic conductivity of the electrolyte used in 
the above -described polymer electrolyte fuel cell is 
achieved by hydrogen ions of the sulfonic group attached to 
the terminal of the polymer's side chain. However, in the 
case where metal ions such as iron ions or sodium ions are 
present as contaminant ions (impurities), these impurities 
replace hydrogen ions to reduce the ionic conductivity of 
the electrolyte membrane. Further, since the metal ions 
entered into the electrolyte have different hydrated states 
from those of hydrogen ions , the water content of the 
electrolyte is decreased, which also reduces the ionic 
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conductivity of the electrolyte membrane. 

Such reduction in the ionic conductivity and 
decrease in the water content not only increase the direct 
current resistance of the cell, but also decrease the 
reaction area of the catalyst layer in the electrode, thus 
causing a further degradation of the cell performance. 
Moreover, the above -described metal ions adhere to the 
surface of the catalyst, or seal the catalyst by forming 
oxides to degrade the cell performance. Furthermore, 
sulfur oxides, which are anionic impurities, poison the 
catalyst to degrade the cell performance, and nitrogen 
oxide ions and carboxylic acid ions , which are acidic 
substances . corrode and denaturalize the components of the 
fuel cell. 

In the normal operation, these contaminant ions 
are present in high concentrations at a specific site in 
the cell. For example, the above -described metal ions are 
distributed in high concentration at the interface between 
the electrolyte membrane and the electrode or in the 
polymer electrolyte which has been kneaded into the 
electrode. The acidic substances derived from the anionic 
impurities are gradually accumulated on the surfaces of the 
electrode base material serving as the gas diffusion layer, 
and the separator plate. Since these metal ions, cationic 
impurities . and anionic impurities are not discharged to 
the outside of the cell in the normal operation, they 
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become a cause of gradual degradation of the cell 
performance . 

The ionic impurities present in the cell are 
classified into those that are easy to move and those that 
are not, according to their ionic species. However, they 
both move along with a current passing through the cell, at 
a constant rate . Taking advantage of this fact , if the 
cell is operated at a current density of not less than 1.5 
times as high as that in the normal operation (e.g. rated 
operation) , the accumulated contaminant ions change the 
distributions thereof and are expelled from the electrolyte 
to be mixed with water produced by the electrode reaction, 
whereby it is possible to discharge them to the outside of 
the cell. 

It is also possible to discharge the contaminant 
ions by switching the gases to be supplied to the fuel 
electrode and the air electrode and reversing the direction 
of the current and thereby transporting the ions opposite 
to the direction in which they entered. 

Further, it is possible to promote the transport 
and discharge of the contaminant ions by pressurizing the 
fuel gas and the oxidant gas , which are the reactant gases . 
or by using oxygen as the oxidant gas . 

Further, since the contaminant ions contained in 
the electrolyte are discharged to the outside by being 
replaced by hydrogen ions, it is possible to discharge them 
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to the outside by washing the electrolyte, electrode and 
the like, with an acidic solution. 

In the following, the present invention will be 
concretely described by way of examples; however, the 
present invention is not limited thereto . 

Examples 1 and 2 

An acetylene black carbon powder carrying 25 wt% 
of platinum particles having a mean particle size of 
approximately 30 A was used as a catalyst for electrode. A 
dispersion in which a powder of this catalyst was dispersed 
in isopropanol was mixed with a dispersion in which a 
powder of perf luorocarbon sulfonic acid was dispersed in 
ethyl alcohol, thereby obtaining a paste for catalyst layer. 

Meanwhile, a carbon paper having a thickness of 
300 Um was immersed in an aqueous dispersion of 
polytetraf luoroethylene ( PTFE ) , and dried to obtain a 
water-repellent gas diffusion layer (porous electrode base 
material). The above -described paste for catalyst layer 
was applied onto one surface of this gas diffusion layer, 
which was then dried to obtain an electrode comprising a 
catalyst layer and the gas diffusion layer. 

Next , a polymer electrolyte membrane was 
sandwiched by a pair of the above electrodes , with the 
catalyst layers facing inwardly, and the whole was hot- 
pressed at a temperature of llOX: for 30 seconds, thereby 
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fabricating an MEA. Herein, a polymer electrolyte membrane 
made of perf luorocarbon sulfonic acid (Nafion manufactured 
by Du Pont), having a thickness of 50 Mm, was used as the 
polymer electrolyte membrane . 

It should be noted that as the conductive porous 
base material constituting the gas diffusion layer, a 
carbon cloth obtained by weaving a carbon fiber, which is a 
flexible material, and a carbon felt obtained by molding a 
mixture of a carbon fiber, carbon powder and organic binder 
may also be used, in addition to the above-described carbon 
paper . 

Next, a carbon plate was obtained by cold press- 
molding a carbon powder material, and this carbon plate was 
impregnated with a phenolic resin and then cured by heating 
to improve the gas sealing property. A gas flow path was 
formed by cutting on this carbon plate to obtain a 
separator plate of the present invention. Disposed on the 
periphery of the gas flow path were manifold apertures for 
supplying and discharging gases and a manifold aperture for 
supplying and discharging a cooling water which was flowed 
for controlling the interior temperature of the fuel cell. 
Further, in addition to the above -described carbon 
separator, a metal separator plate was prepared, which had 
been obtained by forming the gas flow paths and the 
manifold apertures on a metal plate made of stainless steel 
(SUS 304) . 
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A gasket made of silicone rubber- as the gas 
sealing material was disposed on the periphery of the MEA 
having an electrode surface area of 25 cm 2 , and the MEA was 
sandwiched either by two sheets of the carbon separator 
plate or by two sheets of the separator plate made of SUS 
304. and the whole was clamped from both ends, while being 
compressed at a pressure of 20 kgf/cm 2 , thereby obtaining 
two types of unit cells : unit cells A and B . 

In practice, a plurality of unit cells are 
generally laminated while separator plates having a cooling 
water flow path are interposed therebetween when used as a 
fuel cell. However, supposing that the above -described 
contaminant ions are hardly transported from one unit cell 
to another, the evaluation was made using a unit cell as a 
fuel cell in the present examples. 

A gas supply device for supplying a humidified 
reactant gas to the cathode and anode . an electricity 
output device for setting and controlling the output of a 
loaded current from the unit cell and a heat adjustment 
device for adjusting the cell temperature were attached to 
each of the unit cells fabricated as above, thereby 
obtaining polymer electrolyte fuel cells A and B of the 
present examples. This heat adjustment device was 
configured such that the cooling water was flowed along the 
direction parallel to the plane of the unit cell. It 
should be noted that in a fuel cell, this heat adjustment 
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device can also be used in order to effectively utilize an 
exhaust heat . 

Each of the fuel cells A and B fabricated as 
above was operated with the following operational condition 
defined as the normal mode, and the cell, of which 
performance had been degraded from the initial performance 
as a result of the operation, was used to evaluate the 
effectiveness of the method for restoring the cell 
performance in accordance with the present invention. 

First, the output current density was set at 0.6 
A/cm 2 . Next, the gas utilization rate, that is, an index 
representing the ratio of the gas actually participating in 
the electrode reaction to the supplied fuel gas and oxidant 
gas, was set at 70% at the anode side and 30% at the 
cathode side. Also, the cooling water was adjusted such 
that the cell temperature became 75°C. Then, pure hydrogen 
and air were used as the reactant gases to be supplied, and 
the pressure of the air supplied from the inlet of the gas 
flow path was set at 0.2 kgf/cm 2 , the pressure of hydrogen 
was set at 0.05 kgf/cm 2 , and the outlet of the gas flow 
path was opened to the atmosphere. 

As a result of operating the fuel cells under 
this condition, the performance of each of the fuel cells A 
and B started to be degraded after a continuous operation 
of 500 hours. At this time, the current density was 
increased to 0.8 A/cm 2 , and each cell was operated under 
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this condition for 20 hours. Thereafter, each of the fuel 
cells A and B was operated with the current density being 
decreased to 0.6 A/cm 2 again; however, no significant 
improvement was observed in the performance. Therefore, 
the current density was increased to 1.0 A/cm 2 once again, 
and each cell was operated under this condition for 20 
hours to attempt to remove and discharge the contaminant 
ions and thereby restoring the cell performance. Further, 
the current density was increased to 1.5 A/cm 2 and 2.0 A/cm 2 
to similarly attempt to remove and discharge the 
contaminant ions . The result of these continuous cell 
tests is shown in FIG. 1. FIG. 1 is a graph showing how 
the cell performance was restored based on the relationship 
between the continuous operation hours and the cell voltage 
of each of the fuel cells A and B in Examples 1 and 2 . 

Referring to FIG. 1. in the case where the 
current density was increased to 1.0 A/cm 2 , the cell 
voltage of the fuel cell A using the carbon separator plate 
was restored, from 570 mV to 590 mV, and the cell voltage 
of the fuel cell B using the separator plate made of SUS 
304 was restored, from 530 mV to 580 mV. Similarly, in the 
case where the current density was increased to 1.5 A/cm 2 
and 2.0 A/cm 2 , the cell voltage of each cell was improved. 

By an analysis of the water discharged from each 
fuel cell when the output current was increased as 
described above, iron ions were detected in the fuel cell B 
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using the separator plate made of SUS 304, and a phenol 
component was detected in the fuel cell A using the carbon 
separator plate. This result demonstrated that the 
contaminant ions accumulated in the cell due to the long 
operation could be removed and discharged by the method of 
the present invention and thereby restoring the cell 
performance . 

Examples 3 and 4 

In the above Examples 1 and 2 , it was confirmed 
that the object of the present invention could be achieved 
by changing the current density and thereby restoring the 
degraded performance of the fuel cell caused by the 
cont inuous operat ion . 

In this example, a method for restoring the cell 
performance was conducted by increasing the loaded current 
to maintain the output voltage of each of fuel cells A and 
B, fabricated in the same manner as that used in Examples 1 
and 2, at not more than 0.2 V for a predetermined time, and. 
thereafter, returning the operation to the normal mode. 

As a result, it was also possible to restore the 
output voltage as described above by using this method. 

Examples 5 and 6 

In the present examples, a method for restoring 
the cell performance was conducted by continuously 



JUG O B B .1, ,11. ,:l nt 13 B ,1, IS'B B: 

16 

operating each of fuel cells A and B, fabricated in the 
same manner as that used in Examples 1 and 2, for 500 hours, 
and reversing the direction of the output current after the 
cell voltage dropped. 

More specifically, air was supplied to the anode 
side, to which hydrogen was supplied in the normal 
operation (output current = 0.6 A/cm 2 ), and hydrogen was 
supplied to the cathode side, to which air was supplied in 
the normal operation, and each cell was operated at 0.6 
A/cm 2 for 20 hours in this condition, with the direction of 
the output current being reversed. Thereafter, the 
operation was returned to the normal mode. By conducting 
such steps , the voltage of the fuel cell A using the carbon 
separator plate was restored, from 5 70 mV to 585 mV, and 
the voltage of the fuel cell B using the separator plate 
made of SUS 304 was restored, from 530 mV to 565 mV. 

As described above, by conducting the method that 
involved changing the magnitude and direction of the loaded 
current and the method that involved switching the types of 
the reactant gases supplied to the gas flow paths and 
reversing the direction of the output current , it was 
possible to discharge the contaminants accumulated in the 
cell by mixing them into an exhaust gas and exhaust water, 
thereby restoring the cell performance. 

It was also possible to restore the cell 
performance by conducting the method that involved changing 
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the direction in which the reactant gases were supplied, 
that is , the method that involved supplying each of the 
reactant gases from the place that served as its discharge 
port in the normal operation. Moreover, this effect of 
restoring the cell performance could be enhanced by 
conducting the method that involved supplying pure oxygen 
in place of air and the method that involved supplying a 
pressurized reactant gas. 

Examples 7 and 8 

Next , by using fuel cells A and B fabricated in 
the same manner as that used in Examples 1 and 2, a method 
of restoring the cell performance was conducted by forcibly 
washing the fuel cells to reduce the concentration of 
contaminant ions present in the fuel cell of which 
performance had been degraded. 

First, as in Example 1, the fuel cells A and B 
were continuously operated for 500 hours in the normal 
operation mode, and the operation was suspended when the 
cell voltage dropped from the initial voltage. Next, each 
of these fuel cells A and B was boiled in pure water for 
one hour to circulate the boiling pure water inside the 
cell through the gas flow path for supplying the reactant 
gas . 

After this step, each cell was operated in the 
normal operation mode once again; consequently, the cell 
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voltage of the fuel cell A using the carbon separator plate 
was restored, from 570 mV to 580 mV, and the cell voltage 
of the fuel cell B using the separator plate made of SUS 
304 was restored, from 530 mV to 555 mV. 

Examples 9 and 10 

While boiling water was used for washing the fuel 
cells in Examples 7 and 8, diluted sulfuric acids having 
the respective pHs of 2 and 1 were used in the present 
examples. As in Example 1, each of fuel cells A and B, 
fabricated in the same manner as that used in Examples 1 
and 2, was operated in the normal operation mode, and the 
operation was suspended. Then, each diluted sulfuric acid 
was supplied, through a tube, to each of these fuel cells A 
and B from reactant gas supply ports (inlets of the gas 
flow path) provided at the cathode and anode sides, and 
then discharged from the corresponding discharge ports . 
After washing each cell with the diluted sulfuric acid for 
two hours, pure water was supplied to sufficiently wash the 
cell until the pH of the cleaning water discharged from the 
discharge port became 5 or more . 

After this step, each cell was operated in the 
normal operation mode once again; consequently, the cell 
voltage of the fuel cell A using the carbon separator plate 
was restored, from 580 mV to 588 mV, and the cell voltage 
of the fuel cell B using the separator plate made of SUS 
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304 was restored, from 555 mV to 572 mV. 

In the above-described examples, weakly acidic 
diluted sulfuric acids were used for the cleaning solution; 
on the other hand, in the case where weakly alkaline 
cleaning solutions . that is . cleaning solutions having a pH 
of approximately 9 were used, no significant restoration 
was observed, although it was confirmed that a little 
effect was achieved by the washing. The result is shown in 
FIG. 2. 

As such, it was possible to restore the cell 
performance by washing the inside of the cell with the 
cleaning solution. It was also confirmed that the higher 
the temperature at which the washing was conducted, the 
higher the effect of restoring became. 

It was also possible to enhance the restoration 
of the cell voltage by concurrently using the method for 
restoring the performance conducted in Example 1 that 
involved operating the cell at a high current density and 
the method for restoring the performance that involved 
washing the cell with the weakly acidic cleaning solution. 
Further, it was confirmed that a similar effect could be 
achieved by using a diluted acetic acid or ammonium sulfate 
for the weakly acidic cleaning solution. 

Hereinbelow, the effect of the present invention 
demonstrated in Examples 1 to 10 above is summarized in 
consideration of the difference in the material forming the 
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separator plate, which was the component of the cell body. 
Although the performance of the fuel cell B using the metal 
separator was degraded owing to the metal ions eluted from 
the separator plate during the long operation, it could be 
restored by removing the metal ions accumulated in the cell 
by the operation at a high current and/or the washing with 
the weakly acidic cleaning solution. 

On the other hand, in the case of the fuel cell A 
using the carbon separator plate, the metal ions or various 
cations were not eluted as much as those in the case of the 
fuel cell using the metal separator plate; however, trace 
amounts of iron and calcium were found to be contained in 
the separator plate through an ashing analysis. 
Accordingly, although the performance of the cell was not 
degraded as significantly as that of the fuel cell using 
the metal separator plate, it was degraded to some extent 
during the long operation, owing to the contained metal 
ions. In addition, it was considered that the cell 
performance decreased by approximately 30 mV after the 
continuous test of 500 hours because of organic materials 
eluted from the resin, which had been added for improving 
the gas tightness of the carbon separator plate, as well as 
trace amounts of sulfur compounds and nitrogen oxides 
contained in air. The method for restoring the cell 
performance in accordance with the present invention was 
effective even for the fuel cell A using such carbon 
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separator plate. 

The polymer electrolyte fuel cell to which the 
method for restoring the cell performance of the present 
invention is applicable is required to have in its 
electricity output system, means for adjusting a loaded 
current and an output voltage, or alternatively, it is 
required to have in its gas supply system, means capable of 
supplying a cleaning solution to a gas flow path to 
directly wash the inside of the cell. Furthermore, the 
above fuel cell is also required to allow the control of a 
loaded current and/or an output voltage, or the washing of 
the inside thereof, after the elapse of a predetermined 
period, or after a predetermined period of operation, or 
after the cell performance has been degraded. 

As the devices to be installed in such polymer 
electrolyte fuel cell, there are, for example, a fuel 
reforming device, controlling device, charger and the like, 
in addition to the above-mentioned cell body, gas supply 
device, heat adjustment device and electricity output 
device. Such fuel cell can be applied to, for example, 
electric vehicles equipped with a fuel cell, cogeneration 
systems, portable power source systems and the like. 

Industrial Applicability 

According to the present invention, it is 
possible to effectively restore a degraded performance of a 
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polymer electrolyte fuel cell caused by a long operation, 
thereby providing a highly durable polymer electrolyte fuel 
cell. 
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CLAIMS 

1. A method for restoring performance of a 
polymer electrolyte fuel cell comprising: a cell body 
composed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode interposing a hydrogen 
ion -conductive polymer electrolyte membrane therebetween 
and a pair of conductive separator plates having gas flow 
paths for supplying and discharging a fuel gas and an oxidant 
gas to and from said cathode and said anode respectively and 
sandwiching said cathode and said anode therebetween; means 
for supplying and discharging said oxidant gas and said 
fuel gas to and from said cell body; and means for 
controlling output of a current generated in said cell body, 

said method comprising the step of operating said 
polymer electrolyte fuel cell in a loaded current mode 
different from that of a normal operation for a 
predetermined time, thereby restoring the performance of 
said fuel cell. 

2 . The method for restoring performance of a 
polymer electrolyte fuel cell in accordance with claim 1 , 

wherein said loaded current mode different from 
that of the normal operation is either an operation mode at 
a current of not less than 1 . 5 times as high as that in the 
normal operation or an operation mode at a current giving 
an output voltage per unit cell of not more than 0.2 V. 
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3. A method for restoring performance of a 
polymer electrolyte fuel cell comprising: a cell body 
composed of laminated unit cells , each of said unit cells 
comprising a cathode and an anode interposing a hydrogen 
ion -conductive polymer electrolyte membrane therebetween 
and a pair of conductive separator plates having gas flow 
paths for supplying and discharging a fuel gas and an oxidant 
gas to and from said cathode and said anode respectively and 
sandwiching said cathode and said anode therebetween; means 
for supplying and discharging said oxidant gas and said 
fuel gas to and from said cell body; and means for 
controlling output of a current generated in said cell body, 

said method comprising the steps of : 

supplying an oxidant gas and a fuel gas to said 

anode and said cathode respectively; and 

outputting a current from said cell body with the 

polarity being inverted, thereby restoring the performance 

of said fuel cell. 

4 . A method for restoring performance of a 
polymer electrolyte fuel cell comprising: a cell body 
composed of laminated unit cells , each of said unit cells 
comprising a cathode and an anode interposing a hydrogen 
ion-conductive polymer electrolyte membrane therebetween 
and a pair of conductive separator plates having gas flow 
paths for supplying and discharging a fuel gas and an oxidant 
gas to and from said cathode and said anode respectively and 
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sandwiching said cathode and said anode therebetween; means 
for supplying and discharging said oxidant gas and said 
fuel gas to and from said cell body; and means for 
controlling output of a current generated in said cell body. 

said method comprising the step of supplying a 
pressurized gas to at least one of said cathode and said 
anode in an amount not less than 1 . 5 times as much as that 
in the normal operation or supplying oxygen to said cathode, 
thereby restoring the performance of said fuel cell. 

5. A method for restoring performance of a 
polymer electrolyte fuel cell comprising: a cell body 
composed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode interposing a hydrogen 
ion -conductive polymer electrolyte membrane therebetween 
and a pair of conductive separator plates having gas flow 
paths for supplying and discharging a fuel gas and an oxidant 
gas to and from said cathode and said anode respectively and 
sandwiching said cathode and said anode therebetween; means 
for supplying and discharging said oxidant gas and said 
fuel gas to and from said cell body; and means for 
controlling output of a current generated in said cell body, 

said method comprising the step of injecting a 
cleaning solution into said cathode and said anode through 
said gas flow path, thereby restoring the performance of 
said fuel cell. 

6. The method for restoring performance of a 



,;t O O H.-B .1 u . O j/srA-id: 

26 



polymer electrolyte fuel cell in accordance with claim 5, 
wherein said cleaning solution is an acidic solution having 
a pH of less than 7. 
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ABSTRACT 

The present invention restores the performance of 
a fuel cell by: operating the cell in a loaded current mode 
different from that of a normal operation for a 
predetermined time; supplying an oxidant gas and a fuel gas 
to an anode and a cathode respectively and outputting a 
current from a cell body with the polarity being inverted; 
supplying a pressurized gas to at least one of the cathode 
and anode in an amount not less than 1 . 5 times as much as 
that in the normal operation or supplying oxygen to the 
cathode; or injecting a cleaning solution into the cathode 
and anode through a gas flow path. Consequently, it is 
possible to effectively restore a degraded performance of a 
polymer electrolyte fuel cell caused by a long operation. 
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